Chapter 12 Lecture Outline

Introduction DNA and Crime Scene Investigations

A.
DNA fingerprinting can distinguish one person’s DNA from any other (except twins) and is a forensic technique used to solve crimes.


B.
The first case to use DNA fingerprinting technology was a double murder in England back in 1983 and 1986. Alec Jeffreys of Leicester University developed the first DNA fingerprinting identification system and was asked by police to assist in solving the crime.


C.
Since that first crime was solved, the use of DNA technology has revolutionized the field of forensics, the science of legal investigation. Other areas of science have also benefited including genomics, agriculture, and even history. Of particular interest is the Human Genome Project whose goal is the map of the entire human genome.


I.
Bacterial Plasmids and Gene Cloning

Module 12.1 Plasmids are used to customize bacteria: An overview.


A.
Figure 12.1 presents a simplified version of how one can use recombinant DNA technology (combing genes from different sources) to replicate a gene.


B.
Plasmids are small, circular, self-replicating pieces of DNA isolated from a bacterium. A gene can be inserted into a plasmid then added to a bacterium for replication, a process called gene cloning.

C.
The five steps for gene cloning are as follows:


1.
Isolate plasmid from bacterium.


2.
Isolate gene of interest from another cell.


3.
Insert gene of interest into plasmid (now called a recombinant DNA).


4.
Bacterial cell takes up plasmid containing gene of interest through a process called transformation (see Module 10.22).


5.
Bacterial cell divides along with the plasmid and forms a clone of cells (genetically identical cells).


D.
The bacteria are grown in culture to produce many copies of the isolated gene of interest (the gene is cloned) or its protein product.


E.
Genetic engineering (the direct manipulation of genes) uses the cloning technique described above for practical purposes.


F.
Genetic engineering has promoted the development of an industry called biotechnology, which manipulates organisms or their components to make products for human use. Examples of such products are human insulin and human growth hormone.

Module 12.2 Enzymes are used to “cut and paste” DNA.


A.
Restriction enzymes were first discovered in bacteria in the late 1960s.


B.
In nature, bacteria use restriction enzymes to cut up intruder DNA from phages and from other organisms into nonfunctional pieces. The bacteria first chemically modify their own DNA so it will not be cut.


C.
Several hundred restriction enzymes and about 100 recognition sequences have been discovered.


D.
DNA from two sources is cut by the same restriction enzyme. These enzymes are cut at a specific restriction-enzyme recognition sequence called a restriction site (usually a palindrome). The result is a restriction fragment containing a double-stranded sequence of DNA with single-stranded “sticky ends” (Figure 12.2).


E.
DNA fragments may pair at their sticky ends via hydrogen bonds. This pairing is temporary, but DNA ligase (pasting enzyme) can make it permanent. The result of this is the formation of recombinant DNA.


Review: DNA ligase is normally used in DNA replication (Module 10.5).

Module 12.3 Genes can be cloned in recombinant plasmids: A closer look.


A.
The example in Figure 12.3 uses a hypothetical situation where human gene V is cloned.


1.
Isolate plasmid from bacterium and from another cell.


2.
Cut both plasmid and DNA with same restriction enzyme.


3.
Mix cut plasmid and restriction fragment to allow bonding of sticky ends.


4.
Add DNA ligase to seal bonds.


5.
Place recombinant plasmid in bacterium by transformation.


6.
Clone bacterium with recombinant plasmid.


B.
The procedure described in this module is a “shotgun” approach since the specific gene isn’t targeted.


C.
The complete set of genes from the original cell contained in many plasmids and housed in clones of bacterial cells is called a genomic library.
Module 12.4 Cloned genes can be stored in genomic libraries.


A.
Using a shotgun approach to do this, scientists cut up all the DNA from a cell into thousands of fragments, each of which carries one or a few genes of unknown identity (one or more fragments will carry the gene of interest).


B.
These fragments are temporarily stored in a genomic library of plasmids in separate bacterial cells (plasmid library), or in separate phage clones (phage library) (Figure 12.4).

Module 12.5 Reverse transcriptase helps make genes for cloning.


A.
A problem with cloning and bacterial synthesis of eukaryotic gene products is that bacterial genes do not contain introns.


B.
Special enzymes called reverse transcriptases are found in retroviruses. These enzymes make DNA from viral genome RNA (Module 10.21).



NOTE: An example of such a retrovirus is HIV.


C.
Genes that are expressed can be isolated by using mRNA that has already had its introns spliced out. When reverse transcriptase is mixed with this mRNA, single-stranded DNA is produced. Double-stranded DNA is synthesized with the enzyme DNA polymerase (Figure 12.5).


D.
These DNA fragments (called complementary DNA or cDNA) are again temporarily stored in plasmid or phage libraries called cDNA libraries.


E.
The cDNA sequences (which have no introns) are shorter and easier to manipulate than the complete unmodified gene sequence.

Module 12.6 Connection: Recombinant cells and organisms can mass-produce gene products.


A.
Bacteria are the host of choice for making large amounts of eukaryotic gene products because bacteria are simple and can be grown rapidly and cheaply (Table 12.6).


B.
The single-celled fungus Saccharomyces cerevisiae (bread and wine yeast) is one of the simplest eukaryotes that can be grown rapidly and cheaply. Yeast also has plasmids that can be used as vectors. In some cases, yeast does a better job than bacteria in expressing eukaryotic genes.


C.
Some products are best made by mammalian cells. The genes of interest are often cloned in bacterial plasmids first then introduced to the final host.


D.
Among these mammalian cell products are monoclonal antibodies, which are glycoproteins used widely in research on cellular structures and functions. The sugar chain part of monoclonal antibodies can be added to the protein part only under the control of the eukaryotic gene expression system.


E.
The use of whole animals to mass produce a protein of interest has been explored by pharmaceutical companies. Figure 12.6 shows sheep that produce milk containing a gene for a blood protein that may be a treatment for cystic fibrosis.


F.
Preview: Module 24.12 offers a more in-depth discussion of monoclonal antibodies.

Module 12.7 Connection: DNA technology is changing the pharmaceutical industry and medicine.


A.
Therapeutic Hormones: Human insulin (Figure 12.7A) and human growth hormone were two of the first commercially produced recombinant DNA products.


B.
Diagnosis and Treatment of Disease: DNA technology is currently being used to identify people with HIV; through the use of gene expression profiles, people will be informed of potential diseases prior to the appearance of symptoms.


C.
Vaccines: Harmless or derivative variants of proteins produced on the surfaces of pathogens can stimulate a person’s immune system. Exposing a person to the vaccine (usually by injection) primes the person’s immune system to recognize and destroy the pathogen upon subsequent infection. Vaccines are particularly important in the defense against many viral diseases such as Hepatitis B (Figure 12.7B).



NOTE: Normally, vaccines are made using natural mutant forms of pathogens or proteins extracted from the pathogens.


D.
Recombinant DNA techniques can be used to make vaccines in many ways: mass production of vaccine proteins; assembling artificial mutant pathogens; and adding proteins from several pathogens to the coat of the natural mutant smallpox virus, which was previously used to successfully eradicate smallpox.


II.
Restriction Fragment Analysis and DNA Fingerprinting

Module 12.8 Nucleic acid probes identify clones carrying specific genes.


A.
If some of the bacterial clones in the genomic library actually produce the product expressed by the gene of interest, testing the cell or the medium in which they are growing for the product can isolate the right clone.


B.
If this cannot be done, scientists use radioactive- (or fluorescent-) labeled single-stranded nucleic acid probes that pair with selected regions of the gene of interest. The cells or phages in the genomic library that bind the radioactive label contain the gene in question (Figure 12.8).


C.
The complementary probes can be assembled artificially if some DNA sequence in the gene of interest or the amino acid sequence of the target protein (and hence a corresponding sequence of nucleotides) is known.


D.
A genomic library made by the shotgun approach can be screened rather quickly for a gene of interest using the DNA probe technique. Once the clone has been identified, the gene and the product can be mass produced by culturing the bacterial colony that contained the gene.

Module 12.9 Connection: DNA microarrays test for the expression of many genes at once.


A.
DNA microarrays are an extension of the procedure presented in Module 12.8, a micro-method for the rapid identification of multiple genes expressed by a cell.


B.
Figure 12.9 illustrates the procedure and the result of a DNA microarray assay. Fluorescence correlates with gene expression. The technique is presented below.


1.
Isolate mRNA.


2.
Make cDNA from mRNA using reverse transcriptase.


3.
Apply cDNA (single-stranded) to wells.


4.
cDNA binds to corresponding gene, and unbound cDNA is rinsed away.


C.
This technique has many potential applications, including but not limited to:


1.
Gene activation in healthy or diseased tissues.


2.
Response of tissues to drug therapy.


3.
Gene analysis for an individual to determine the risk of certain diseases in an effort to reduce risk factors.

Module 12.10 Gel electrophoresis sorts DNA molecules by size.


A.
Gel electrophoresis sorts proteins and nucleic acids on the basis of their size and/or charge. DNA is negatively charged (phosphates groups) and will migrate toward the positive electrode.


B.
Longer macromolecules move through the gel more slowly than do shorter macromolecules. The result of this differential rate of movement is a pattern of bands on the gel, each band consisting of macromolecules of one particular size (Figure 12.10).

Module 12.11 Restriction fragment length polymorphisms can be used to detect differences in DNA sequences.


A.
Nucleotide sequences of all but identical twins are different.


B.
Extracted DNA from a person’s cells can be cut up into a set of fragments by exposing the DNA to a series of different restriction enzymes (Figure 12.11A; recall Module 12.2).


C.
Differences in DNA sequences on homologous chromosomes produce sets of restriction fragments that differ in length and number between different, nonidentical-twin individuals. The differences in restriction fragments produced by this technique are called restriction fragment length polymorphism (RFLPs, pronounced “rif-lips”).


D.
These DNA fragments are of different lengths and will migrate different distances in an electrophoretic gel (Figure 12.11B).


E.
A genetic marker is any DNA sequence whose inheritance can be tracked. It may or may not be a gene or a sequence within a gene (Figure 12.11C).


F.
Restriction fragment analysis was used to enable workers studying Huntington’s disease to find a genetic marker closely associated with the HD gene.


G.
Once the genetic marker is known for a particular disease, restriction fragment analysis can be used to test for it.

Module 12.12 Connection: DNA technology is used in courts of law.


A.
DNA technology is used extensively in forensic science (the science of legal investigation).


B.
An individual’s band pattern from RFLP analysis is called a DNA fingerprint. Like traditional fingerprints, DNA fingerprints are unique.


C.
DNA fingerprinting uses RFLP analysis to identify small amounts of DNA from body fluids or tissue.


D.
DNA lasts in the environment much longer than proteins. DNA can be extracted from as few 1,000 cells.


E.
In criminal investigations, restriction fragments are compared with those of other sources (Figures 12.12A and B).


F.
Increasingly, repetitive DNA sequences are being used for DNA fingerprinting. These sequences are regions of repetitive DNA that vary in length among individuals.


G.
The technology of DNA fingerprinting has been shown to be very reliable. The chance that two people have the same DNA fingerprint is approximately one out of 100,000 to one billion depending on the number of restriction enzymes and which genetic materials are used.

Module 12.13 Connection: Gene therapy may someday help treat a variety of diseases.


A.
Gene therapy, the alteration of an afflicted person’s genes, holds much as yet unrealized promise.


B.
In certain cases where a disorder is due to a single gene, it is possible to replace defective genes with normal genes.


C.
An example is a trial procedure that should cure individuals with an autosomal recessive allele that causes defective functioning of the immune system and is usually fatal. Bone marrow stem cells, which are essential for blood cell formation, are removed. By means of a retrovirus, the defective gene is replaced with the normal one. The recombinant cells are cloned in culture and reintroduced in the individual, after the natural bone marrow cells have all been killed (Figure 12.13).


D.
To date, most gene therapy trials have been unsuccessful, and little scientific evidence supports the use to cure diseases. Questions related to the safety and ethical uses of gene therapy are being raised.


E.
The expense of these techniques raises ethical questions concerning who can have access to these therapies. Further ethical questions are raised concerning the use of gene therapy, not for treatment of disease but for enhancement of physical ability and appearance as well as intelligence. The ultimate question is, What are the potential implications of genetic engineering, particularly of sex cells, on humans? Might an allele that is harmful in the current environment be essential to survival in a future environment?

Module 12.14 The PCR method is used to amplify DNA sequences.



NOTE: Tools such as RFLP, PCR, and DNA sequencing have also been used in conservation biology. For example, are populations of an endangered species actually members of the same species (in which case they can be interbred) or are they distinct species?


A.
The polymerase chain reaction (PCR) is a technique for copying a single DNA sequence many times. The DNA need not be in large quantities or very pure.


B.
A mixture of the DNA, DNA polymerase, and nucleotide monomers will continue to replicate, forming a geometrically increasing number of copies (Figure 12.14).


C.
The key to PCR is the heat-resistant form of DNA polymerase that was discovered in hot springs. Unlike most enzymes that denature at high temperatures, this DNA polymerase is stable during the high-temperature step in each cycle.


D.
This technique has revolutionized DNA work because sequences can now be obtained from extremely small samples. Prehistoric DNA from a number of sites has been cloned into partial genomes using PCR. Tiny amounts of body fluids can now be used from crime scenes because of PCR.


III.
Genomics

Module 12.15 Connections: The Human Genome Project is an ambitious application of DNA technology.


A.
An internationally government-funded group of scientists began to sequence the human genome starting in 1990. The undertaking was dubbed the Human Genome Project (HGP). There are three major stages involved in mapping the human genome.


B.
Genetic (linkage) mapping: This involves constructing a map of more than 5,000 genetic markers that act as a set of references for other work.


C.
Physical mapping: The number of base pairs between the markers from step one is determined by cutting the DNA with restriction enzymes, cloning them, determining the overlaps, and determining the order of the fragments in the chromosomes.


D.
DNA sequencing: This is the process that elucidated the exact order of the nucleotide pairs in each fragment and, hence, each chromosome (Figure 12.15).


E.
A former government scientist (J. Craig Venter) decided to use the shotgun approach and founded the company Celera Genomics. Going directly to step 3, random fragments of DNA were sequenced. Due to this approach and stiff competition, 90% of the human genome was completed by February 2001.


F.
The project has (and already is providing) huge potential benefits. It has allowed insight into embryonic development and evolution, and identification of genes that cause genetic disorders and genes that are partly implicated in more common diseases such as cancer, heart disease, diabetes, schizophrenia, alcoholism, and Alzheimer’s disease. Literally hundreds of disease-associated genes have been found because of this project.


G.
DNA sequences are available on the Internet.

Module 12.16
Most of the human genome does not consist of genes.


A.
The most startling piece of data from the project is the relatively small number of genes that are present in the human genome—only 1 1/2 to 2 times the number in the fruit fly.


B.
The human genome probably has only approximately 25,000 to 30,000 genes (that is, 15 to 20 times the number of genes).


C.
Approximately 97% of the human genome is noncoding, consisting of sequences such as promoters and enhancers.


D.
The DNA found between genes mainly consists of repetitive DNA. Loss of repetitive DNA at the ends of chromosomes (telomeres) leads to cell death. Abnormally long repeats may play a role in cancer cell immortality.


E.
Longer sequences of repetitive DNA (hundreds of nucleotides long) are found scattered about the genome. Little is known about the functions of these regions of DNA; however, most of them appear to be associated with transposons (jumping genes). Transposons can move or be copied from one location to another and land in the middle of a gene, causing disruption.

Module 12.17 Connection: The science of genomics compares whole genomes.


A.
Approximately 150 species have had their genome sequenced as of 2004 (Table 12.17). Most have been prokaryotes, and about 20 have been eukaryotes. The first eukaryote to have its genome sequenced was Saccharomyces cerevisiae (Baker’s yeast), and Caenorhabditis elegans was the first multicellular organism to have its genome sequenced.


B.
Sequence data of many organisms helps scientists interpret the data from the HGP. For example, if a gene in humans is found to be similar to a gene in yeast and the function of the yeast gene is already known, much can be inferred about the human gene.


C.
Genomics is the study of an entire genome or a comparison between genomes. Genomic studies provide insight into questions such as the organization of genomes, regulation of gene expression, growth and development, and evolution.


D.
The next endeavor for scientists to undertake is determining the function of all the proteins produced by the genes of a species. This is called proteomics. There are many more proteins in humans than can be accounted for by genes. It is the proteins that do the bulk of the work for a cell.


E.
Large catalogs of genes and proteins will/are being established, which will enable scientists to study life on a more global perspective.


IV.
Genetically Modified Organisms

Module 12.18 Genetically modified organisms are transforming agriculture.


A.
Genetically modified (GM) organisms are being developed by agricultural scientists using DNA technology in an effort to improve plants and animals. Some examples currently in use are plants that ripen slowly and resist spoilage.


B.
The bacterium Agrobacterium tumefaciens, which is pathogenic to a number of plant hosts, is used to transfer genes between plants, in recombined form with the bacterium’s Ti plasmid. The resulting transgenic plant cells are cloned in culture and grown into adult plants (Figure 12.18A). These recombinant plants contain foreign DNA and are called transgenic organisms.


NOTE: This process can be done much more rapidly than by depending on a full season for natural breeding to produce hybrids, and genes can be transferred between unrelated plants.


C.
Many transgenic plants that are currently in field trials have received genes for herbicide resistance. Other plants are being engineered to be resistant to pathogens and pest insects. The hope is that this will reduce the need for the application of chemical insecticides.



NOTE: Unless care is taken, the evolution of weeds, pathogens, and pest insects that can get around these barriers is inevitable (Preview: Chapter 13, especially Module 13.18).


D.
The nutritional value of genetically modified plants has been improved through DNA technology. A good example of this is golden rice (Figure 12.18B). This GM rice has had a gene inserted that promotes the production of b-carotene, the precursor to vitamin A used in sight. Therefore people who depend on rice as a major portion of their diet will no longer be deficient in vitamin A and the occurrences of blindness will decrease.


E.
Transgenic animals are also being developed. The process starts with unfertilized eggs, which are removed from the host. The eggs are fertilized in vitro, and the gene of interest is injected directly into the fertilized egg. The eggs are placed in a surrogate mother, and if the gene is incorporated into the egg, the animal born is a transgenic animal.


F.
The goals are the same as traditional breeding programs—improved wool, more and leaner meat—but the process is more flexible. For example, transgenic chickens are being engineered to produce pharmaceutical products (see Module 12.6).

Module 12.19 Could GM organisms harm human health or the environment?


A.
Scientists in the United States and in other countries have developed safety guidelines to minimize the risks involved in genetic engineering (Figure 12.19A).


B.
The guidelines designate laboratory safety procedures for various types of experiments, including procedures normally used to protect scientists who study natural pathogens.


C.
The guidelines also specify the kinds of microorganisms that can be used, often requiring that the recipient organisms be genetically altered so that they cannot live outside the laboratory.



NOTE: Certain kinds of experiments are forbidden or strictly regulated, such as working with human cancer genes or genes of extremely virulent pathogens.


D.
A multinational agreement was negotiated in 2000 requiring that all GM food products shipped to other countries be identified, which would allow the receiving country to decide if the GM products posed a health or environmental risk.


E.
Concern has been expressed by certain organizations over cross-pollination of wild plants with GM plants, which may lead to “superweeds” that will be difficult to control (Figure 12.19B).


F.
Technological advances involve risk taking; therefore, better decisions can be made when sound scientific evidence is used in the decision process rather than basing decisions on fear or blind optimism.

Module 12.20 Genomics researcher Eric Lander discusses the Human Genome Project.


A.
Dr. Eric Lander taught economics at Harvard Business School before entering the field of biology and participating in the Human Genome Project (HGP). He founded the Broad Institute of MIT and Harvard, which uses genomics to develop new methods to investigate and treat diseases.


B.
The results of HGP will provide researchers the opportunity to examine the human genome from a “big picture” approach rather than from a single gene or at the component level. Prior to the HGP, textbooks estimated the number of genes in the human genome to be 100,000. Since then, the number of genes is estimated at 25,000 (and falling).


C.
Lander sees the results of the HGP as a springboard for the next generation of researchers to revolutionize the field of evolutionary biology.
